Aim: To analyse the association between early aEEG and cognitive outcome at early schoolage in very preterm infants. 
Introduction
Preterm born infants are at high risk for cognitive impairment in childhood and adolescence (1). During the intermediate postnatal period, very preterm infants are particularly vulnerable to brain lesions and other non-neurological complications. Amplitude integrated electroencephalography (aEEG) has been proven to be a valuable tool for cerebral function monitoring and allows for detection of background pattern deteriorations due to brain injury as well as subclinical seizures (2). The simplified set up and interpretability of aEEG enables continuous neuromonitoring and thus allows the intensive care team to immediately respond to changes in cerebral functioning (3). Beyond the guidance for clinical decision making, aEEG background pattern serves as an indicator of cerebral functional (4, 5) as well as structural (6) maturation. In other at risk populations, such as infants with hypoxic ischemic encephalopathy, aEEG background pattern is one of the most powerful predictors of neurodevelopmental outcome (7). A similar association has been found in neonates after open heart surgery (8) in which background pattern and ictal discharges on aEEG can furthermore help to detect brain lesions (9).
In the preterm population, neonatal aEEG metrics, such as cycling, background pattern, maturity score and seizure activity, have been associated with neurodevelopmental outcome up to 3 years of age (10) (11) (12) (13) (14) (15) (16) (17) . However, there is a significant heterogeneity in studies that results from a broad variety of assessed aEEG parameters as well as outcome measurements, as systematically reviewed by Fogtmann et al. (18) . Additionally, whereas several studies focused on the predictive value for early childhood outcome, information on the association of early aEEG with neurodevelopmental outcome at school-age is lacking.
Thus, to date, aEEG has not been broadly implemented into standard clinical neuromonitoring of preterm infants.
Hence, the aim of the present study was to assess the association of early aEEG recorded during the first 4 days of life and the trajectory of aEEG characteristics between day 1 and 4 with neurodevelopmental outcome at 5 years of age in very preterm infants.
Methods

Study population
This prospective cohort study was conducted in the Department of Neonatology of the University Hospital Zurich, Switzerland between January 2009 and February 2012. Inborn preterm infants with a gestational age (GA) < 32.0 weeks were included. Patients with congenital anomalies, central nervous system infections or metabolic disorders were excluded. GA was assigned based on the best obstetrical estimates according to last menstrual cycle and first trimester ultrasound if available. Cranial ultrasound was performed at days 1, 3 and 7 of life and repeated weekly until hospital discharge. Mild brain lesion were defined as intraventricular haemorrhage grade I-II and/or periventricular leukomalacia grade I, whereas severe brain lesions were defined as grade III intraventricular haemorrhage and periventricular haemorrhagic infarction, cerebellar haemorrhage, cerebral atrophy and cystic periventricular leukomalacia according to Papile et al. (19) and De Vries et al. (20) , respectively. Socioeconomic status (SES) was assessed based on maternal education and paternal occupation, was scored according to Largo et al (21) and transformed so that higher scores indicate higher SES (2-12). Perinatal characteristics and type of sedation during aEEG recording were prospectively noted. aEEG assessment Cerebral functional monitoring was carried out with a two-channel Brainz BRM3 aEEG monitor (Natus Medical, San Carlos, CA) and recorded with bi-parietal hydrogel electrodes, corresponding to C3 and P3 as well as C4 and P4 of the international electroencephalogram classification 10-20 system with a ground F Z placed on the right or left shoulder (22). The aEEG was obtained by amplification and filtering of the raw EEG and attenuation of the activity at < 2Hz and > 15Hz was performed. The amplitudes were integrated semilogarithmicly, rectified and time compressed (1 h/6 cm of recording display scale).
Continuous aEEG recording was conducted from the first to the fourth day of life. aEEG pattern analysis was performed on 3 h periods of cross-cerebral P3-P4 aEEG recordings with impedance below 12 kΩ. Tracing periods with either suspected seizure activity or artefacts were excluded from the analysis as described elsewhere (6).
Visual and quantitative aEEG analysis
Two scoring systems were applied to semiquantitatively analyse the aEEG pattern. Brain maturation was assessed by the maturity score established by Burdjalov et al. (5) . The score is composed of 4 component variables (continuity, cycling, amplitude of lower boarder and bandwidth) that sum up in a total maturity score ranging from 0 to 13 with increasing score indicating more mature brain activity. The cycling component was furthermore separately considered as "cycling subscore" with scores ranging from 0 to 5 and increasing with cycling activity (5). The background pattern was evaluated according to the classification that was introduced by Hellstrom-Westas and Rosen (23): 0 = inactive, flat (FT), 1 = low voltage (LV), 2 = burst-suppression (BSA), 3 = discontinuous (DC), 4 = continuous (C). Semiquantitative aEEG parameters were averaged for the whole recording period from day 1 to day 4. A minimum of two measurements to determine the averages were required. Quantitative analysis of the aEEG tracings was automatically performed by means of the BrainZ Analyze
Research software (Chart analyser 1.71; Liggins Institute, Auckland, New Zealand). Raw aEEG data was exported and 1-min average values of the maximum and minimum amplitudes were calculated for each period. To analyse the association between quantitative aEEG measures and neurodevelopmental outcome measurements were averaged for the whole recording period. Only a single measurement was required, since aEEG min and max parameters were already averaged values. To investigate the trajectory of aEEG parameters during the first 4 days of life the slopes were calculated from a minimum of three measurements. Cohen's kappa (95 % CI) for inter-rater agreement between the two aEEG raters (G.N., C.H.) blinded to the neonatal course was 0.79 (0.75; 0.82) for the total maturity score and 0.60 (0.52; 0.66) for the cycling subscore, respectively. For statistical analysis one rater's aEEG scores (G.N.) were considered. GA, male sex, administration of morphine for sedation during aEEG monitoring, small for GA (i.e. birth weight < 10 centile). Furthermore, socioeconomic status (SES) has been included as covariate due to its well documented influence on neurodevelopmental outcome (21). In the logistic regression models, for the sake of comparison and without affecting any p-value, aEEG parameters were standardized such that the provided odds ratios (OR) refer to an increase of one standard deviation whatever the aEEG parameter considered. Missing values in SES were imputed by means of multiple imputation. P-values < 0.05 were considered statistically significant. All analyses were performed using R version 3.4.2 (26).
Ethics
The institutional ethics boards of the Canton of Zurich (KEK ZH StV-35/08) approved the study protocol. Written informed consent was obtained from the parents or primary caretakers.
Results
Study population
Continuous aEEG recording was performed in 120 preterm infants, 2 infants had to be excluded due to a later diagnosis of leukaemia and diagnosis of a genetic syndrome, [47. versus 5.3 (1.0)), as well as the maximum aEEG amplitude were lower (12.0 (3.9) versus 13.1 (2.5)) in infants with abnormal compared to normal neurodevelopment when averaged over the 4 days of recording period.
Prediction of outcome by aEEG measures
In univariate logistic regression analyses we found that higher total maturity scores, cycling subscores, as well as more mature background pattern and a higher minimum aEEG amplitude were associated with increased odds of normal cognitive outcome at 5 years of age. After adjusting for the confounders GA, sex, sedation, small for GA and SES none of the associations remained significant ( Table 2 ).
Prediction of outcome by aEEG trajectories
We also examined whether the trajectories of aEEG, quantified as the slope of aEEG characteristics over the 4-day recording period, were associated with neurodevelopmental outcome. No association was found in univariate and multiple logistic regression models with neurodevelopmental outcome at 5 years of age. For details, refer to Table 3 .
Discussion
This is the first prospective cohort study investigating the predictive value of early short-term quantitative and semiquantitative aEEG parameters for cognitive outcome at school age in very preterm born infants. We hypothesized that aEEG is associated with IQ at 5 years of age. Although we found evidence for univariate associations of early aEEG parameters during the first 4 days of life with cognitive outcome, these associations did not remain after adjustment for confounders. In multiple logistic regression models, we found that higher SES was independently associated with higher odds of having a normal IQ at 5 years of age.
Furthermore, we found that morphine sedation was associated with a decrease in the odds of having an IQ within the normal range.
Despite previous reports of the predictive value of early aEEG recordings for neurodevelopmental outcome up to 3 years of age, we were not able to confirm the association for cognitive outcome at 5 years of age. This might be due to substantial (13) and dichotomized aEEG tracings into normal and abnormal (12, 14) patterns. This substantial variability in aEEG analysis methods hampers the comparability among studies and with our results. However, the aim of our study was to assess whether early aEEG recordings could inform prognosis in very preterm infants in a clinically applicable way, thus the ease of the assessment was taken into account when choosing the aEEG parameters and time points (average over 4 days) for our study. Furthermore, the absence or sparse correction for confounders applied in other studies (12, 13, 17) might explain the differences in results. In line with this we found a univariate association between the assessed aEEG parameters with neurocognitive outcome at 5 years of age, but found it to be confounded by neonatal clinical and demographic covariates such as SES and sedation.
We found that higher SES was independently associated with higher odds of having a normal IQ at 5 years of age. We chose to correct for SES, since it has been demonstrated by others to be a strong predictor of developmental trajectories in preterm born infants (21, 30).
The present study results underline the importance of taking SES into consideration when analysing prediction of biomarkers for intellectual outcome in newborns at high neurodevelopmental risk, particularly on the long-term. Furthermore, in our cohort morphine sedation during aEEG monitoring was found to be associated with a decrease in the odds of having an IQ in the normal range. These results are in line with previous studies reporting that morphine administration in preterm born infants may affect aEEG tracings (31) and may be associated with adverse neurodevelopmental outcome as well as reduced regional cerebral growth (32). However, post hoc analyses of baseline characteristics among neonates who received morphine sedation during aEEG recording in our cohort compared to non-sedated neonates revealed some collinearity of 'morphine sedation' and other variables indicating high clinical instability of the sedated subjects (e.g. lower GA, higher SNAPPE-II score). Hence, suggesting that sedation in the present cohort is rather a surrogate marker for severity of clinical course than a predictor for adverse neurodevelopmental outcome. As we did not collect data on cumulative dose of morphine administration during the neonatal period, we are not able to analyse any further association between neonatal morphine This study has some limitations that need to be mentioned. The study presents the predictive value of early aEEG in a cohort with favourable outcome. Mean IQ in our cohort was in the normal range, however IQ < 85 and cerebral palsy occurred at a higher rate than in the normal population. Although intellectual outcome in our cohort was predominantly favourable it is in line with results from previous studies as systematically reviewed by Brydges et al.
(1).
We investigated the association of semiquantitative and qualitative aEEG analyses methods with neurodevelopmental outcome at 5 years of age and did not assess other event-based quantitative aEEG analyses approaches, such as spontaneous activity transients frequency and length of interburst intervals, that have been shown by others to be associated with brain growth (35) and might thus be predictive of outcome. Brain injury was rare in our cohort, thus analyses of the predictive value of aEEG in subgroups according to brain injury severity was not possible.
Conclusion
In this prospective cohort study, we found a univariate association between early semiquantitative and quantitative aEEG measures and cognitive outcome at early school-age in very preterm born children. However, socioeconomic factors and neonatal morbidity were stronger predictors of long-term neurodevelopmental outcome than early aEEG measures. 
